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ALCOHOL  CONDENSATIONS  OP  ETHYL  OXOMALONATE. 
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A  number  of  papers*  have  been  prepared  in  this  laboratory 
upon  the  subject  of  mesoxalic  esters  and  their  derivatives.  We 
have  tested  the  actions  of  alcohols  and  amines  upon  ethyl  oxo- 
malonate. 

p 

R.  Anschutz  and  E.  Parlatto    obtained  ethyl  oxomalonate  by 
the  distillation  of  ethyl  dihydroxymalonate  under  reduced  pressure 
and  passed  the  vapors  over  phosphorus  pentoxide.     They  were  unable 
to  obtain  a  product  free  from  ethyl  dihydroxymalonate.     It  had  a 
specific  gravity  of  1,1358.     Curtiss    discovered  a  method  for 
making  ethyl  dihydroxymalonate  by  the  action  of  nitrous  anhydride 
on  ethyl  malonate.    This  method  was  used  in  my  work.     Spencer  and 
Curtiss    found  that  phosphorus  pentoxide  reacted  directly  upon 
methyl  dihydroxymalonate  to  form  methyl  oxomalonate,  which  upon 
distillation  under  reduced  pressure  gave  a  92  percent  yield  of  the 
pure  anhydrous  ketone  ester. 

F.  Kuntz5  has  added  several  alcohols  on  the  carbonyl  group 

(1)  Am.  Chem.  Journal  19,  691;  33,  603;  35,  354,  477. 
Jour,  of  Am.  Chem.  Soc:     30,  1264;  31,  416. 
Thesis  by  F.  Grace  C.  Spencer,  U.  of  I.  1908. 

(2)  Ber  d  Deutsch  Chem:     25,  3615. 

(3)  Am.  Chem.  Jour.  33,  603. 

(4)  Thesis  by  F.  Grace  Spencer,  U.  of  I.  1908. 

(5)  Arch.  Pharm.  246,  91. 
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of  chloral  according  to  the  equation: 

2C  C13CH0  +  HgO  +"  OgHj^H    =    C  Cl3CH(OH)g  -f  C  ClgCH  (OH  )  (OCgH11 ) . 
Bromal  acts  in  the  same  way. 

Conrad  and  Reinbach^  obtained  a  crystalline  product  by  the 
action  of  two  molecules  of  analine  on  mesoxalic  acid  and  suggest 
that  the  ester  may  be  formed  by  the  action  of  analine  on  the  ethyl 
oxomalonate. 

H0\  /COOR 

In  the  case  of  a  substance  of  the  formula      7C  ,  a  com- 

HO  NCOOR 

pound  containing  a  double  bond  can  be  formed  having  the  formula 
/COOR 

0  =  C  ,  by  the  extraction  of  a  molecule  of  water*  Accord- 

NCOOR 

ing  to  the  theory  advanced  by  Stewart  and  Baly,  the  presence  of 
the  double  bond  and  the  accompanying  negative  groups  give  rise  to 
the  color  of  the  body.     The  ketone  ester  containing  a  double  bond 
is  a  yellow  green  color  but  when  the  central  carbonyl  bonds  are 
satisfied  the  resulting  substances  are  colorless. 

We  have  studied  the  action  of  methyl,  ethyl  and  benzyl 
alcohol,  benzylamine,  and  meta  toluidine  on  the  ketone  ester. 
With  the  exception  of  ethyl  alcohol  all  gave  compounds  incapable 
of  purification  by  crystallization  or  distillation.    The  products 
all  dissociated  upon  heating.     Aniline  acting  on  the  ketone  ester 
gave  a  crystalline  compound  which  corresponds  in  all  its  proper- 
ties to  the  ethyl  dianilinomalonate  obtained  by  Curtiss1.  Para 
toluidine  on  ethyl  oxomalonate  gave  a  white  crystalline  compound 
which  turned  to  a  yellow  oil,  when  placed  in  a  vacuum  dessicator 
over  concentrated  sulphuric  acid. 


(6)  Ber  d  Deutsch  Chem.  35,  1820. 
(1)  Am.  Chem.  Jour.  35,  355. 
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EXPERIMENTAL 
PREPARATION  OF  ETHYL  OXOMALONATE. 

ACTION  OF  PHOSPHORUS  PENTOXIDE  ON  ETHYL  DIHYDROXYMALONATE:  15 
grains  of  pure  ethyl  dihydroxymalonate,  prepared  by  the  method 
mentioned  above1,  was  mixed  with  13,5  grams  of  phosphorus  pent- 
oxide  in  an  air  tight  distilling  bulb  and  left  to  stand.     At  the 
end  of  one  hour  the  mixture  had  turned  yellow  and  drops  of  a  yel- 
low oil  appeared  here  and  there  through  it*     At  the  end  of  twenty 
four  hours  the  contents  of  the  flask  was  a  yellow  green  oil.  The 
mixture  was  subjected  to  fractional  distillation  under  reduced 
pressure.     If  care  is  taken  at  the  start  in  the  mixing  of  the  two 
substances  the  fractions  are  unnecessary,  as  the  pure  ketone  ester 
all  distills  at  a  constant  temperature,  125°  (uncorrected)  and 
45  m»m.  pressure.    When  heat  is  applied  the  porous  mass  froths  and 
the  yellow  oil  distills.     The  residue  in  the  flask  is  a  charred 
gummy  mass.     Twelve  grams  of  the  pure  ethyl  oxomalonate  was  ob- 
tained by  the  distillation,  which  is  a  90  percent  yield. 

Another  method  used  in  obtaining  pure  ketone  ester,  was  by 

extracting  the  green  oil  from  the  reaction  mass  with  sodium  dry 

ether  and  distilling  the  liquid  under  reduced  pressure.  This 

gives  a  pure  product  with  a  90  percent  yield. 

PROPERTIES:     The  pure  ethyl  oxomalonate  is  a  yellow  green  oil 
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whose  specific  gravity  is  1.119  .  Owing  to  the  presence  of  the 
carbonyl  and  the  two  negative  groups  the  ketone  ester  has  a  re- 
markable reactivity,  which  is  shown  by  its  rapid  changing  back 


(1)  Am.  Chem.  Jour.  35,  477. 

(2)  Thesis  by  E.  K.  Strackan  U.  of  I. 
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into  the  ethyl  dihydroxymalonate  while  being  distilled,  and  when 
a  trace  of  moisture  is  present*     It  reacts  with  alcohols  and  vari- 
ous amines  with  great  energy. 

ACTION  OP  ALCOHOLS  ON  ETHYL  OXOMALONATE. 

ETHYL  ALCOHOL  ON  THE  KETONE  ESTER:     .26  grams  of  absolute 
ethyl  alcohol  was  added  to  1  gram  of  pure  ketone  ester  (molecular 
quantities).    The  color  rapidly  disappeared  and  the  temperature 
rose  from  15°  to  about  70°.    On  cooling  it  rapidly  changed  to  a 
thick  glycerine  like  oil.    All  attempts  to  crystallize  failed  even 
in  a  mixture  of  solid  carbon  dioxide  and  ether.    Purification  by 
distillation  was  impossible,  because  when  heat  was  applied,  it  re- 
turned to  the  original  color  of  ketone,  which  indicated  that  a 
dissociation  had  taken  place,  giving  rise  to  the  original  con- 
stituents.    These  reassociate  on  cooling  and  the  color  is  again 
lost.    A  colorless  liquid  condensed  on  the  side  of  the  tube,  which 
gave  further  evidence  of  dissociation. 

ACTION  OP  2  MOLECULES  OF  ALCOHOL  ON  1  MOLECULE  OF  KETONE 
ESTER:     .4  grams  of  absolute  ethyl  alcohol  (2  mols)  was  mixed  with 
•5  grams  of  pure  ketone  ester.    The  color  disappeared  almost  in- 
stantly and  the  temperature  rose  to  70°.    Upon  heating  the  color 
of  the  ketone  returned,  with  a  colorless  liquid  condensing  on  the 
side  of  the  tube.     After  standing  for  some  time,  plate  like 
crystals  formed,  having  a  melting  point  of  57°. 

METHYL  ALCOHOL  ON  THE  KETONE  ESTER:     .18  grams  of  absolute 
methyl  alcohol  was  added  to  1  gram  of  the  ketone  ester  (molecular 
quantities).    The  yellow  green  color  gradually  disappeared,  and 
the  temperature  rose  to  70°.     When  cooled  the  mixture  became  a 
thick  glycerine  like  oil,  which  was  impossible  to  crystallize. 


5 

Upon  heating  dissociation  took  place  as  the  yellow  color  returned. 
Purification  by  crystallization  and  distillation  failed. 

B1NZYL  ALCOHOL  ON  THE  KETONE  ESTER:     .62  grams  of  benzyl 
alcohol  was  added  to  1  gram  of  the  ketone  ester  (molecular  quanti- 
ties).   The  color  gradually  disappeared  until  finally  only  a  tinge 
of  yellow  remained.     The  temperature  rose  to  60°.     The  mixture 
was  a  thick  glycerine  like  oil,  which  became  thick  like  honey  upon 
cooling.    Dissociation  took  place  on  heating.    Purification  by 
crystallization  and  distillation  failed. 

AMINES  ON  ETHYL  OXOMALONATE. 

ACTION  OP  BENZYLAMINE  ON  THE  KETONE  ESTER J     .61  grams  of 
benzylamine  was  added  to  1  gram  of  the  ketone  ester  (molecular 
quantities).    A  great  evolution  of  heat  took  place  and  the  color 
became  a  straw  yellow.     Upon  cooling  the  mixture  became  a  thick 
glycerine  like  turbid  liquid.    Upon  heating  the  turbidity  dis- 
appears, and  a  colorless  liquid  distills  up  the  side  of  the  tube, 
which  combines  with  the  hot  liquid  with  a  hissing  noise.  This 
turbidity  and  behavior  suggests  the  presence  of  water  in  the  re- 
action.    When  cooled  again  the  liquid  turned  turbid.     It  was  then 
placed  in  the  ice  box  for  some  weeks,  when  prism  shaped  crystals 
appeared,  which  melted  upon  coming  to  room  temperature, 

ACTION  OP  ANILINE  ON  THE  KETONE  OXOMALONATE:     5.19  grams  of 
aniline  dissolved  in  an  equal  quantity  of  sodium  dry  ether  was 
added  drop  by  drop  to  9.71  grams  of  the  ketone  ester  (molecular 
quantities),  which  was  in  a  freezing  mixture.     The  combination  of 
the  two  liquids  causes  an  intense  reaction  with  a  large  quantity 
of  heat  evolved.     The  liquid  became  colorless  and  thick  like 
glycerine.     Upon  standing  a  few  minutes  in  a  freezing  mixture,  it 
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turned  to  a  thick  mucilage  like  liquid.    Upon  rubbing  with  a  glasB 
rod  the  liquid  changed  to  a  semi-solid,  and  four  minutes  later 
it  crystallized  in  a  yellow  mass  of  balls  of  radiating  needles. 
The  product  was  recrystallized  from  absolute  alcohol,  filtered 
and  washed  well  with  some  of  the  same  solvent  cold.    The  reaction 
is  quantitive  and  the  crystals  have  a  melting  point  of  117°.  The 
substance  was  analyzed: 

Wnb/0000SHB 
°6H5»/  XCOOCSH5 

Calculated  for  Found 
C  =  66.62  C  =  66.94 

H  =    6.49  H  =  6.71 

N  =    8.18  N  =  8.08 

This  reaction  was  tried  a  number  of  times  and  the  ethyl  dianilino- 
malonate  was  the  only  compound  obtained.     It  seems  that  the  mono- 
anilino  compound  will  not  form  as  readily  as  the  ethyl  dianilino- 
malonate. 

PROPERTIES:     This  ethyl  dianilinomalonate  is  a  white  crystal- 
line compound  crystallizing  in  balls  of  radiating  needles  and 
melts  at  117°.     It  is  easily  soluble  in  chloroform,  cold  acetone, 
carbon  tetrachloride,  benzene,  hot  methyl  and  ethyl  alcohol  and 
ligroin;  fairly  so  in  cold  methyl  alcohol,  ligroin  and  water.  Hot 
potassium  hydroxide  saponifies  it  slowly.    Hydrochloric  acid  dis- 
solves it  to  a  colorless  liquid.    Concentrated  nitric  dissolves 
it,  forming  a  blue  solution,  which  turns  to  a  green  on  dilution 
with  water.     This  product  is  identical  to  that  ascribed  by 


CurtiBB1. 

ACTION  OF  TOLUIDINE  ON  THE  KETONE  ESTER:     .6  grams  of  meta 

toluidine  was  added  to  1  gram  of  the  ketone  ester  (molecular 
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quantities).    The  temperature  rose  to  about  45  .     Upon  cooling  the 
liquid  became  a  thick  honey  like  oil.     Attempts  to  crystallize 
failed. 

ACTION  OP  PARA  TOLUIDINE  ON  THE  KETONE  ESTER:     3.1  grams  of 
para  toluidine  dissolved  in  5  c.c.  of  ether  (sodium  dry)  was  mixed 
with  5  grams  of  the  ketone  ester  (molecular  quantities).    A  great 
amount  of  heat  was  evolved.     Upon  cooling  the  liquid  thickened 
and  then  crystallized  in  balls  of  needles.     The  liquid  had  become 
completely  solid  four  minutes  after  mixing.    The  product  was  re- 
crystallized  from  absolute  alcohol.     The  crystals  melted  at  95° 
and  were  analyzed: 

CH  .C^.NH  £00CoHe 
3    6  4    \c  2  5 

H0/  XC00CoH_ 
2  5 

Calculated  for  Pound 
C  =  59.75  C  =  59.74 

H  =    6.81  H  =  6.78 

N  ■    4.97  N  -  4.96 

PROPERTIES:     Ethyl  para  toluidino-tartronate  is  a  white 
crystalline  substance,  which  crystallizes  in  bunches  of  radiating 
needles  with  a  melting  point  of  95°.     It  is  easily  soluble  in 
ether,  hot  ethyji  alcohol,  chloroform  carbon  tetrachloride,  carbon 
bisulphide;  difficultly  so  in  ligroin  and  cold  ethyl  alcohol. 
Concentrated  nitric  acid  dissolves  it  to  a  red  solution. 


(lj  Am.  Chem.  Jour.  35,  354, 
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When  placed  in  a  vacuum  dessicator  over  concentrated  sul- 
phuric acid  the  crystals  change  to  a  yellow  oil.     It  is  supposed 
the  body  looses  a  molecule  of  water  with  the  formation  of  a  double 
bond  according  to  the  equation: 

oh«*0«ha*n£    /C°0GpHk  /COOC  H 

3     6  4  d  5     =     CH  .C  H  .N  =  C  ^  "KH_0 

H0X  NC00C2Hg  3     6  4  ^COOC  H  d 

The  resulting  oil  is  analogous  with  methyl- phenyl - imino-tartronate . 

ACTION  OF  ORTHO  TOLUIDINE  ON  THE  KETONE  ESTER:     .3  grams  of 

ortho  toluidine  was  mixed  with  .5  grams  of  the  ketone  ester 

(molecular  quantities).    The  temperature  rose  to  about  60°.  Upon 

cooling  the  liquid  became  thick  like  honey  and  then  crystallized. 

The  crystals  were  crystallized  from  ethyl  alcohol.     The  compound 

has  a  melting  point  of  92°  and  was  analyzed: 

CH  -C  H  NH  '  /CO0C  H 
3    6  4  2  5 


HO7  NC00C  H 
Calculated  for  Pound 
C  =  59.75  C  =  59.63 

H  ■     6.81  H  =  6.67 

N  =    4.97  N  H  4.79 

PROPERTIES:    Ethyl  ortho  toluidino-tartronate  is  a  white 
crystalline  substance,  melting  at  92°,     It  crystallizes  in  bunches 
of  radiating  needles.     It  is  easily  soluble  in  ether,  hot  ethyl 
alcohol  chloroform,  carbon  tetrachloride,  carbon  bisulphide; 
difficultly  so  in  ligroin  and  cold  ethyl  alcohol. 

The  reactions  thus  performed  upon  ethyl  oxomalonate  show  that 
it  is  a  very  reactive  substance,  and  that  its  condensation  products 
with  alcohols  and  amine  correspond  very  closely  with  those  of 
methyl  oxomalonate. 


